Weed finds as indicators for the cultivation regime of the early Neolithic Bandkeramik culture? by unknown
ORIGINAL ARTICLE
Weed finds as indicators for the cultivation regime of the early
Neolithic Bandkeramik culture?
Angela Kreuz • Eva Scha¨fer
Received: 8 September 2010 / Accepted: 5 April 2011 / Published online: 21 July 2011
 The Author(s) 2011. This article is published with open access at Springerlink.com
Abstract Ethnographic data combined with the charac-
teristics of the weed species from Bandkeramik settlement
sites give hints for the reconstruction of Early Neolithic
agricultural practises in Central Europe. In contrast to the
Balkan situation with a high diversity in cultivated crops,
Bandkeramik field management can be reconstructed as a
simple agricultural system with emphasis on summer crop
growing. Permanent fields were treated with hoes, digging
sticks or similar tools, sown in spring and grazed in autumn
and winter. The intensity of field management seems to
increase through time as shown by diachrone comparison
of archaeobotanical data from Neolithic, Iron Age and
Roman times. The absence of winter-cereals such as naked
wheat, grown in the Balkan Peninsula, gives a hint of a
certain emphasis on stock breeding. Summer crop growing
would have had the advantage that the Bandkeramik fields
could be grazed after harvest until next spring and would
therefore be manured at the same time.
Keywords Central Europe  Early Neolithic 
Bandkeramik  Potential weeds  Intensity of cultivation
Introduction
During the second half of the sixth millennium B.C. a new
farming system occurred in western Hungary and beyond.
In contrast to the cultural groups of the Starcˇevo–Ko¨ro¨s–
Cris¸ complex and its transition phase of south-west and
eastern Hungary and south-eastern Europe, in Transdanu-
bia the farmers belonging to the Bandkeramik culture
started cultivating a crop spectrum that was reduced to half
that occuring in the Balkan agriculture (Kreuz 2007; Kreuz
in press; Kreuz et al. 2005).
Early Neolithic crop growing has been interpreted by
other authors as small scale, intensive garden cultivation.
Examples of this are Halstead (1981, pp. 319–334) ‘‘small
scale, stable gardening with crop rotation and regular
manuring’’ and Bakels (1978, p. 77) ‘‘The fields on which
the plants were grown, were of small size and lay between
tall vegetation. It is not clear whether they were used for a
short time or for a long period.’’ Further examples are
Gregg (1988, pp. 98, 132) ‘‘small, scattered fields’’ for
cereals and ‘‘small garden plots’’ for legumes and oil plants
and Bogaard (2004, p. 160) ‘‘intensive garden cultivation
of fixed plots that were sown in the autumn’’ (for the dis-
cussion see also Lu¨ning 2000, pp. 181ff; van der Veen
2005; Willerding 1980, 1988). Today small scale intensive
garden cultivation still can be found in the tropics for
example, where high yielding crops like manioc or plantain
are grown effectively on several levels on small garden
plots. Here intensive management of the plots is necessary
as these crops grow slowly and are planted relatively large
distances apart. Due to the high yields (manioc up to 25
t/ha; http://fdcl-berlin.de/publikationen/fdcl-veroeffentlich
ungen/agroenergie-glossar/maniok-agroenergie-glossar-fdcl;
plantain up to 400 bananas per plant; http://www.der-gar
ten.eu/gartenpflanzen/bananenpflanze.html) of the crops
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grown, the work involved in hoeing and weeding the
spaces between the individual plants is worthwhile. In
contrast, the Bandkeramik situation would be different as
the Bandkeramik cereals pulses and oil/fibre plants are not
so high yielding. In addition, in the case of a group of
merely ten people, which is much less than assumed for a
Bandkeramik hamlet, cereal field areas of about five
hectares would have been needed (0.5 ha/capita, Kreuz in
press, chap. 8). Calculated without fallow this is an area of
at least five football grounds and appears to be more a park
than a garden. It has already been concluded by Lu¨ning that
Neolithic cereal growing was practised on areas beyond the
space of a garden: ‘‘… deren Gro¨ßenordnung u¨ber einen
Gartenbau hinausging’’ Lu¨ning (2000, p. 181). Therefore
the whole subject merits further discussion.
Field management tools and related practices
The Bandkeramik farmers colonized chernozem areas ideal
for crop cultivation. Due to these fertile soils and the
assumed weather conditions at Bandkeramik times no
shifting cultivation or irrigation, but rather permanent fields
on terrestrial soils outside the river valleys might be
expected (Bogaard 2002, 2004). In addition manuring by
the grazing animals after harvest combined with crop
rotation might have been sufficient for the nutrient regime
of the crops grown. This fits with the fact that the Band-
keramik weed species found regularly in the samples, such
as Bromus cf. secalinus, Chenopodium album, Galium cf.
aparine, G. spurium, Lapsana communis, Phleum pratense,
Polygonum convolvulus, Setaria-species, Solanum nigrum
etc. grow on nitrogen-rich sites today.
Following Sherratt (1981, 1983), Fries (1995, p. 169)
and the state of archaeozoological research (Arbogast et al.
2001; Benecke 1994, pp. 142ff.) the management of the
fields was performed by hand without ploughs (for dis-
cussion and further references see Kreuz in press, chap. 7).
Possible tools were hoes and all kinds of digging sticks.
Ethnographic documentation reveals that one person would
be able to dig an area of half a hectare within 2–3 weeks
(Kreuz in press, chap. 7). Half a hectare is the area needed
for yearly crop growing per person. Therefore it is evident
from the ethnographic data that working the fields without
plough should have been no problem. In addition, as shown
by modern examples from bio-farming and archaeobio-
logical experiments (Holzer 2008; Jacomet and Schibler
2007; Reynolds 1979, p. 53), pigs could have been used to
break up the soil, especially if attracted by some grain or
pulses spread on the ground. An additional advantage of
this practice is that they would also eat the rootstocks of
weeds as well as snails, insects etc.
It is clear that sowing the seed had to be done in rows, as
broadcast sowing requires harrowing after ploughing to
prepare an even soil. Cereals and pulses germinate in the
dark, so the seed corn would have to be covered by earth.
In Bandkeramik times the easiest way would have been one
person placing the seed in the soil followed by another
person covering it with earth with their feet. Independent of
the tools and methods of ploughing, it is always necessary
to hoe and loosen the soil several times in April and May to
prevent weeds from growing. For this weeding likewise it
is practical to have sown the crop in rows. It is a paradox
that working the land with sticks, hoes or whatever always
favours the weeds by spreading fragments of runners,
tubers, rhizomes etc. and bringing seeds into the light.
The type and intensity of fieldwork and the indispens-
able practice of crop rotation (Pflanzliche Erzeugung 1998,
p. 87) had to be adapted to the specific needs of the dif-
ferent crop species. For example flax (Linum usitatissi-
mum) and poppy (Papaver somniferum) are much more
demanding than the glume wheats, and flax ought to be
grown on the same plot only every 7 years. The growing of
einkorn (Triticum monococcum) and emmer (T. dicoccum)
as maslins (for the definition see Jones and Halstead 1995)
is not very probable, as these cereals ripen at different
times (einkorn somewhat later), when sown simulta-
neously. Today these wheat species have different growth
heights, and if grown together the rather delicate einkorn
plants would be shaded too much by the stronger emmer
plants (W. Planz, 2009, Demeter-farm Gau-Algesheim/
Rhinehesse, ‘‘personal communication’’).
On account of the growth height of the weed species ear-
harvesting was probably practised by the farmers during
the first half of the Bandkeramik culture (Kreuz 2007). This
method avoids the harvesting of most weeds. Only the
climbing weeds like Polygonum convolvulus or Galium
species are difficult to avoid (see also Bogaard 2004). The
increase of weed species, especially the low growing taxa,
during the second half of the Bandkeramik period can
probably be explained amongst other things by the switch
to sickle harvesting which occurred then (Kreuz in press,
chap. 6; Fig. 5).
After the description of materials and methods that
follows, some hypotheses concerning sowing time and field
cultivation will be discussed based on the archaeobotanical
data.
Materials and methods
Our data presented here (Table 1) comprise the results
from 15 Earliest Bandkeramik (LBK I) and 24 Younger
Bandkeramik sites (LBK II-V; LBK-phases following
Meier-Arendt 1966). 546 features were investigated and
revealed 478,505 plant remains from 169 plant species
(without charcoal). Amongst the excavated feature types,
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waste pits are the locations where everyday rubbish might
have been deposited. As this feature type could give a
representative average of routine as well as occasionally
occurring settlement activities, and to compare like with
like, our calculations are based mainly on the results from
519 Bandkeramik waste pits. The Early Neolithic data are
compared with those from 34 pre-Roman Iron Age Celtic
and 15 Roman Period Germanic sites (342 pit features).
Due to soil conditions only charred and mineralized plant
remains are preserved. All calculations presented here are
based on charred seeds or fruits and in parts chaff remains.
Only sites containing at least five weed species were
included in the investigation of assemblages of plant
remains from weed species with respect to their relative
abundance. The program CANOCO was used for corre-
spondence analysis (ter Braak and Sˇmilauer 2002).
Results
Archaeobotanical weed assemblages
The number of weed species and the number of weed finds
is dependent on the crop processing practices (for the
ethnographic evidence see e.g. Hillmann 1984 and Jones
1984 and the papers in Anderson et al. 2003 and Procopiou
and Treuil 2002). To give an example: if the cereals had
been sieved before charring we would get another spectrum
of seeds than from that of the entire harvest. Our impli-
cation is that, for practical reasons, comparable processing
practices were carried out by the different groups of pre-
historic farmers. The archaeobotanical results show that
spikelet dehusking and removing weeds on a household
level was part of the daily meal preparation in the villages.
Table 1 Ecological characteristics and parameters of the potential
weed species included in the analysis. The species are arranged
following the Ecological Groups. Data for the table according to the
BIOLFLOR database (by Klotz et al. 2002), as well as to Brouwer
and Sta¨hlin 1975; Ka¨stner et al. 2001; Oberdorfer 1990a, 1990b;
Korneck and Sukopp 1988 (explanation in the text)

































































340 Veget Hist Archaeobot (2011) 20:333–348
123
As shown by Kreuz and Scha¨fer (2008) and Bogaard
(2004) for the Bandkeramik, Pre-Roman Iron Age and
Roman periods the archaeobotanical samples represent
mostly late processing stages, e.g. by-products of fine-
sieving and hand-sorting for daily consumption. Therefore
it is possible to consider for example the variation in weed
composition, with particular attention to chronological
developments, as the results very probably are not caused
by mixing of completely different crop processing stages.
Concentrations of grain-rich finds—so-called storage
finds of crops with associated weeds are rarely preserved at
Bandkeramik sites. In 546 features (mostly pits) investi-
gated archaeobotanically only two storage finds occurred.
This might be a hint of a lower scale of agricultural pro-
duction compared to more recent prehistoric periods
(Kreuz in press, chap. 3).
Since storage finds are lacking, chorological and (aut-
)ecological data for each species are used to decide if a
species found should be interpreted as a potential weed or
not (Kreuz 1993 and references therein). The Central-
European flora comprises on one hand indigenous species,
the idiochores, which entered a region without anthropo-
genic influence and help. Those able to establish them-
selves as ruderals or weeds in the settlements and fields
are called apophytes. On the other hand there is a second
group of the flora comprising the anthropochores which
could only enter a region and persist by direct or indirect
anthropogenic influence. We can expect that all anthropo-
chores of the Neolithic were brought in with seeds during
the colonization of the landscapes. Amongst the plant
species found at our Bandkeramik sites all in all 90
potential weed taxa were identified; 54 taxa could be
classified as introduced anthropochores and 16 as indig-
enous apophytes which can be considered as weeds in this
context. In addition there were 20 potential weed taxa
which could not be assigned to either group. From the
total number of 90 potential weed taxa found in all our
Bandkeramik sites, 39 were found in Earliest Bandke-
ramik sites (LBK I) whereas 84 taxa occurred in the
Younger Bandkeramik settlements (LBK II-V). Interest-
ingly, according to these results, during the second half of
the Bandkeramik period the number of weed species
increases considerably, a phenomenon which is discussed
below in the context of field cultivation methods
(Table 1; Fig. 1).
Sowing time
As the Early-Neolithic crop species originate from areas
where the main precipitation is in winter, it appears rea-
sonable winter-crop growing was practised there (e.g.
Blumler and Waines 2009). This assumption has been
made about the Bandkeramik farming system in Western
Central Europe by different authors (e.g. Bogaard 2004;
Willerding 1980). Instead of using modern plant socio-
logical units like Secalietea and Chenopodietea for weed
classification to reconstruct the sowing time as has been
done by other authors, the genetically fixed character states
of life form, life span and number of reproduction cycles of
the species are taken into account in the following dis-
cussion. ‘‘In the reconstruction of Medieval plant com-
munities one may frequently include modern associations
for purposes of comparison. However, the farther one
reaches back in time, the higher will be the hierarchical
level in plant sociology that can serve for comparison.’’
(Behre and Jacomet 1991, p. 83; see also Behre 1993,
1999. For the discussion of modern plant sociological units
see Hu¨ppe and Hofmeister 1990; we are working with
Ecological Groups, see Kreuz 2005, p. 122 and Table 1. In
our calculations genera-determinations are included, if all
species indigenous today in our investigation area have the
same ecological characteristics).
In 1,744 Bandkeramik soil samples from 546 features
analyzed almost no winter-annuals were found, but pre-
dominantly summer-annuals were determined (Fig. 2; data
from Ka¨stner et al. 2001 and BIOLFLOR, see below). The
only winter-annual species of the Bandkeramik period are
Lapsana communis, Valerianella dentata and V. locusta.
The latter two species each occurred only once in samples
of the Younger Bandkeramik period. Lapsana communis is
not a typical winter-cereal weed but more a ruderal plant,
and maybe immigrated as an apophyt from hedges and
edges of woodland surrounding the fields. Therefore the
archaeobotanical evidence leads to the assumption that
Fig. 1 Number of weed species differentiated into introduced
anthropochores and indigenous potential weeds (apophytes) in
features of the Early Neolithic Earliest Bandkeramik culture (LBK
I) and following phases (LBK II-V)
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spring sown summer crops were cultivated by the Band-
keramik farmers (Kreuz 2007; Kreuz in press, chap. 3;
Kreuz et al. 2005).
Following Bogaard (2004, p. 110ff.) weeds with small
seeds from the by-product of fine-sieving distort the
archaeobotanical result in terms of indicators of summer-
crop growing. Actually, the proportion of small-seeded
weeds (max. 2 mm diameter) amongst the Bandkeramik
evidence is less than 30% (70% are coarse and medium
sized, see Table 1). These small-seeded species belong
predominantly to the ecological group 2 ‘‘Grassland’’ and
not to the ‘‘real weeds’’ of cereal fields and gardens con-
sidered by Bogaard (Table 1). Therefore, a connection
between seed size, crop processing and sowing time cannot
be confirmed here (Kreuz in press, chap. 6).
In this context it is of interest that most einkorn genotypes
are fairly proof against winter but have no vernalisation
requirements (in German ‘‘Wechselweizen’’: Christof Kling,
Hohenheim, 2010, ‘‘personal communication’’; http://www.
agfdt.de/loads/gt09/klingabb.pdf). Therefore einkorn can be
grown as a summer or winter crop. There also exist summer
and winter forms of emmer. Somewhere on the long way
from Southwest Asia to Western Central Europe such
properties could have been selected from the landraces of the
cereals. Maybe this ‘‘Wechselweizen’’ property is one reason
for the dominance of einkorn in Bandkeramik sites (Kno¨rzer
1991; Kreuz 2007).
In the case of summer-crop growing, sowing the seed of
einkorn, emmer and pea (Pisum sativum) started—
depending on the weather—at the beginning of March.
Linseed (Linum usitatissimum) was sown at the end of
March, subsequently followed by opium poppy (Papaver
somniferum) and finally from the middle of April onwards
by lentil (Lens culinaris). Summer-crop growing had the
positive consequence of keeping the autumn free for col-
lection of wild fruits and nuts and hunting, and all in all
fieldwork was better distributed over the year. In addition
livestock could graze the fields from autumn until field
preparation in early spring, in the meantime manuring the
soil (see below).
Intensity of field cultivation
In estimating the intensity of field cultivation, the type of
reproduction, the ecological strategy types, as well as life
and growth forms of the Bandkeramik weed species can be
considered as indicators. The data concerned we owe to the
BIOLFLOR-database (Klotz et al. 2002; Table 1).
The reproduction type (Reproduktionstyp) of the weed
species is defined as the production of descendants, which
are physically independent and separated from their parents
(Durka 2002, p. 138). Genetically fixed weed species ger-
minate from their seeds or fruits or they propagate and
disperse vegetatively. It is notable that the ‘‘real weeds’’ of
fields and gardens comprise primarily annual species
spreading generatively with diaspores (Ecological Groups
6 and 7, Fig. 3; Table 1). The other potential weed species
which today are classified as belonging to ruderal and
especially floodplain and ‘‘Grassland’’ vegetation comprise
naturally a higher proportion of vegetative propagating
species (Ecological Groups 1–3, Fig. 3; for the interpreta-
tion of such taxa as weeds see Favre 2002, p. 165; Jacomet
et al. 2004, p. 130; Maier 1999, p. 90; Ro¨sch 2005; Stika
1999; Willerding 1988, p. 36).
Vegetative dispersing species as well as deep rooting
ones (Tiefwurzler) are the most awkward weeds. Amongst
this group the most effective propagation is shown by so-
called runners (Ausla¨ufer-Pflanzen) or species able to
propagate by fragmentation, because they are fragmented
and spread involuntarily by people hoeing or digging the
soil.
As shown in the graphs, not more than 15–16% of the
Bandkeramik weeds are able to disperse vegetatively, and
these belong to the ecological groups 1–3 (Figs. 3, 4;
Table 1). Two-thirds of the potential weeds are those with
dispersal by seeds or fruits. The Bandkeramik results are
compared with those from 135 pre Roman Iron Age Celtic
and 91 Roman Period Germanic features (mostly pits). The
percentages of reproduction types remain almost the same
during the different prehistoric periods. There is just a
slight increase of vegetative propagating species in the
younger prehistoric periods (Fig. 4 below).
Interestingly the number of species belonging to the
Ecological Group 2 ‘‘Grassland’’ increases over time
(Fig. 3) and these species are mostly able to tolerate
mowing by people and browsing and trampling by animals
or they are at least indifferent to such disturbances
(Table 1). If the fields were regularly grazed after harvest,
species with these properties would have had an advantage.
Fig. 2 The life forms of the potential Bandkeramik weed species are
used as indicators for the sowing time of the Early Neolithic crops
(explanations in the text, see also Table 1)
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Perhaps their occurrence in our weed assemblages could be
interpreted as the practice of grazing the stubble enduring
over the millennia. At the same time this practice would
have improved the manure-regime of the fields consider-
ably (Bates 1973, p. 127; Ebersbach 2002, p. 133; Ertug-
Yaras 1997, p. 223; Forbes 1998; Holzer 2008).
It is a fact that most of our weed species found which are
able to propagate and disperse vegetatively are at the same
time able to build dividuals (Dividuen) by fragmentation or
Fig. 4 Diachrone comparison of the percentages of Reproduction
Types of the potential weed species (for explanation see legend Fig. 3)
Fig. 5 Diachrone comparison of the number of potential weed taxa
classified by their kind of vegetative propagation and dispersal. Veg
vegetative dispersing without dividuals; VegD vegetative dispersing
and able to build dividuals; no no vegetative propagation; ? not
classified (data from BIOLFLOR, explanation in the text)
Fig. 3 Diachrone comparison
of the number of potential weed
species per Reproduction Type
and per Ecological Group.
Species spreading by diaspores
(seeds/fruits) are differentiated
from those spreading by
diaspores and vegetatively and
those spreading vegetatively
only (explanation in the text, see
also Table 1). Compared are
data from Bandkeramik (LBK),
pre-Roman Iron Age Celtic (IA-
C) and Roman Period Germanic
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similar processes (Fig. 5). There exist different opinions
concerning their interpretation as indicators on one hand of
in part undisturbed fields (Willerding 1988, pp. 36ff), as
opposed to intensively managed garden plots on the other
(Bogaard 2004, pp. 125ff).
For this question among others, the diversity of the weed
species is of interest. It is striking that there are rather few
weed species found in the samples of the Earliest Band-
keramik culture (LBK I). The increase of species from
phase LBK II (Flomborn, after Meier-Arendt 1966)
onwards cannot be explained by the centuries of enduring
cultivation, as there is almost never continuity between
settlements (and therefore probably field areas too) of LBK
phase I and II. One reason for the delimited weed spectrum
might be the strategy of ear-harvesting, which allows the
avoidance of many weeds. Instead, even more important
for the interpretation seems to be the observation by El-
lenberg (1950, pp. 94ff), who could demonstrate that the
number of weed species growing in a ‘‘normally managed’’
field is seven times higher than in a neglected one. This is
due to the fact that on neglected fields the thriving and
often tall weeds are spreading in masses and suppress the
small or slowly growing ones. Therefore it cannot be ruled
out that the rather small number of Earliest Bandkeramik
weed species is the consequence of a very simple and
cursory field management at the beginning of the Neolithic
combined with ear-harvesting. It was not until an intensi-
fication of field treatment during more recent prehistory
took place that the number of weed species increased, for
example to 167 in the Pre-Roman-Iron Age and Roman
times, three to four times that in Bandkeramik times.
Strategy types of weeds
Concerning the intensity of field management it is inter-
esting to consider the strategy type of the potential weeds
(data from BIOLFLOR; strategy types developed by Klotz
et al. 2002 from the systems of MacArthur and Wilson
1967; Grime 1974; Grime et al. 1988). To characterize the
strategy type BIOLFLOR uses the following characteris-
tics: life form, persistence and anatomy of leaves, maxi-
mum growth height, flowering period, floral and
reproductive biology as well as the ecological indicator
values (Zeigerwerte, after Ellenberg et al. 1991). This is
comparable to the functional ecology parameters of the
FIPS model by Jones et al. (2005).
Following BIOLFLOR the Bandkeramik weed species
can be differentiated into several strategy types (Table 1).
Important for our interpretation in terms of field manage-
ment are the competitors and the ruderals. Ruderals
(Ruderalstrategen) are mostly annual, herbaceous, low
growing species, flowering quickly and producing many
seeds. Today they are the typical weeds of cereal and of
hoed fields and gardens (Secalietea, Chenopodietea). For
our interpretation it is important that ruderals are often
sensitive to shading and need highly disturbed stands with
little competition. Therefore their proportion comprises not
more than 8% of the natural flora (Klotz and Ku¨hn 2002,
Fig. 6 Diachrone comparison
of the number of taxa per
Ecological Group,
differentiated for their Strategy
types (for explanation see
legend Fig. 3). Note the
increase in taxa in the
Ecological Group 2
‘‘Grassland’’
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pp. 197ff.). Because of their high seed productivity and
effective form of spreading ruderals are able quickly to
establish themselves on ploughed fields or intensively
managed garden plots (Ecological Groups 4, 6 and 7,
Table 1; Fig. 6).
On the other hand we have evidence for Bandkeramik
weed species classified as competitors (Konkurrenzstrate-
gen) regularly occurring together with cereal remains.
Today they belong predominantly to the two ecologi-
cal groups 1 Riparian/Floodplain Vegetation and 2
Fig. 7 Correspondence analysis of the percentages of Strategy types
of the potential weeds (number of species) per settlement site with the
precondition of at least five weed species per site. a the sites (pie
charts) unscaled. b scaled by the sample volume; the sample volumes
(numbers in the diagram) have no essential influence on the
distribution of the strategy types. c scaled by the number of features
(pits). The number of features per site (numbers in the diagram) has
no essential influence on the distribution of the Strategy types.
d scaled by the number of crop species per site. There is a relation
between the numbers of crop species (numbers in the diagram) and
the distribution of the Strategy types
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‘‘Grassland’’ and in parts to the ecological group 3 Ruderal
Vegetation. The competitors amongst the weeds are
perennial herbaceous species, often able to spread vegeta-
tively. They are competitive species and it is important for
the following interpretation that they need undisturbed,
stable habitats for a longer time (Klotz and Ku¨hn 2002,
p. 197).
In addition there are strategical transition types includ-
ing characteristics of both groups, ruderals and competi-
tors. They cannot be interpreted in terms of our question of
field management, but as they are part of the results they
have been used for the calculations and later summed up in
the correspondence analysis graphs (see below and
Table 1).
We applied correspondence analysis to our data to gain
an impression of the diachrone development of the kind
and the diversity of strategy types. The correspondence
analysis of the proportions of strategy types of the potential
weed species per site (Fig. 7a) shows that the competitors,
sensitive to disturbance, are present during all time periods.
On the other hand it can be seen that the ruderals, needing
highly disturbed stands, increase in the more recent pre-
historic sites, on the left side of the graph. Like the rise in
diversity of weed species mentioned above, this can be
interpreted in terms of an intensification of field manage-
ment developing over time.
It was checked if this result was caused by methodo-
logical parameters alone. As shown in Fig. 7b, c, the dis-
tribution of the strategy types is neither dependant on the
sample volume, or on the number of features analyzed.
Instead there is a clear tendency for a causal connection of
ruderal strategists with the archaeological dating of the
sites and with the number of crop species grown (Figs. 7d,
8).
The presumed Bandkeramik field management with
hoes, digging sticks or similar tools apparently does not
differ qualitatively in its consequences for the weed flora
from the later treatment with a simple ard plough. This
explains why competitors needing undisturbed stands could
survive on the fields over the millennia. Obviously during
the more recent prehistoric periods habitat conditions were
changed which allowed an increased establishment of
ruderal strategy type weeds, maybe due to an intensifica-
tion of field management in the form of intensified working
of the land and weeding.
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